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Abstract 
The purpose of this paper is to present a comprehensive assessment of several alternative scenarios from the 
perspective of sustainable development and climate change by using a highly consistent integrated assessment model. 
This analysis is based on our research under the Alternative Pathways toward Sustainable Development and Climate 
stabilization (ALPS) project, the goal of which is to provide alternative plausible future scenarios through 
quantification of multiple aspects of society. 
On the basis of estimated pathways regarding socio-economic conditions and climate change, a range of 
sustainable development indicators are evaluated under various climate stabilization levels. 
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1. Introduction 
International negotiations conducted on climate change reveal multiple objectives for policies of each 
participating country, with stages of economic development and prioritized policy issues differing among 
countries. After the world financial crisis, government financial conditions have worsened, and agencies 
worldwide have faced challenges in traditional methods that focus on climate change control. 
Furthermore, since the Great East Japan Earthquake on March 11, 2011, which led to the serious accident 
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at the Fukushima Dai-ichi nuclear power plant, Japan has placed a stronger emphasis on construction of a 
safe and secure environment, a stable energy supply, and economic issues than that on climate control. In 
reality, the only way to address climate control measures is by striking a balance with multiple objectives. 
Such a trend, which has seen recent popularity, implies that climate change control and policies are 
considered in a broader context of “sustainable development,” which requires exploration of measures 
and policies that harmonize with multiple objectives. 
Scenario development by traditional modeling simulations of climate change control is basic and 
includes abstraction of other various aspects. Such simplification creates a large gap between actual 
conditions and the virtual model world, resulting in confusion among policymakers of global climate 
change control.  
Based on the assumption that actual society is diverse and consists of multiple objectives, the present 
research aims at providing scientific insights by describing scenarios qualitatively and quantitatively as 
much as possible, which will support effective policymaking toward climate change control and 
sustainable development in such a diverse and versatile society. In addition, we examine the influence of 
climate change issues on factors considered to largely affect welfare in the future, such as famine, 
poverty, employment, and income. 
A variety of scenarios for reduction of CO2 emissions has been developed to contribute to 
policymaking in the context of climate change mitigation. These conventional approaches in modeling 
exercises for scenario development, however, tend to describe a simplified world in which cost-effective 
mitigation measures are adopted worldwide. The reality is more complex; countries have different policy 
priorities based on their economic levels, natural resource circumstances, and other constraints, which 
leads to challenges in creating a coordinated uniform policy. 
The present analysis is based on our research under the Alternative Pathways toward Sustainable 
Development and Climate Stabilization (ALPS) project, which aims to provide alternative plausible 
future scenarios through quantification of multiple aspects of society based on the assumption that actual 
society consists of a wide range of values. The purpose of this paper is to create a comprehensive 
assessment of several alternative scenarios from the perspectives of sustainable development and climate 
change by using a highly consistent integrated assessment model. Based on the estimated pathways 
regarding socio-economic conditions and climate change, a range of sustainable development indicators 
are evaluated under various climate stabilization levels. 
The rest of the paper is organized as follows; Section 2 shows scenarios and models used, Section 3 
gives model results, and Section 4 provides our derived policy implications. 
2. Methodology 
2.1. Scenarios for evaluation 
Although modeling exercises can deliver reasonable scenarios and are useful tools to support decision 
making, they involve abstraction, which reduces details of actual conditions and may lead to inaccurate 
message. In this study, we developed narrative scenarios prior to quantitative analysis to examine the 
actual conditions broadly and deeply through discussions with a wide range of experts. On the basis of 
our results, three different types of qualitative scenarios were developed that include socio-economic, 
climate change policy, and representative concentration pathway (RCP) scenarios. Additional sub-
scenarios focus on the development and diffusion of climate friendly technologies. 
With regard to the socio-economic scenarios, a key scenario driver is technological progress, which 
involves significant uncertainty. Although policies can affect technological progress to some extent, other 
factors result in larger uncertainty about future technological changes beyond policy impact. Because it is 
quite difficult to forecast future innovation and technological progress with high accuracy, we prepared 
two discrete scenarios to cover the range of uncertainty. Scenario A, a medium technological progress 
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scenario, illustrates a gradual shift from rapid economic development toward a highly matured economy, 
particularly in developed countries. Scenario B, a high technological progress scenario, describes a future 
world of very high economic growth with brilliant innovation. 
For scenarios of climate change priorities for the broader global agenda, we developed three different 
narratives. Scenario I, named “Pluralistic society scenario,” is approximated to current actual conditions 
and considers the diverse values of residents. This scenario is premised on the existence of various 
barriers to technology diffusion. Scenario II, named “Climate policy prioritized scenario,” prioritizes 
climate change policy and assumes rational behavior of residents such that mitigation measures are 
adopted to consider cost effectiveness. Such an assumption has been implicitly adopted by most 
traditional assessments of climate change policy. In Scenario III, named “Energy security prioritized 
scenario,” each nation places a high priority on securing domestic energy resources from the perspective 
of energy supply security.  
Our future emissions scenarios are fully harmonized with a set of four RCPs of the Intergovernmental 
Panel on Climate Change Fifth Assessment Report (IPCC AR5) (Meinshausen et al. [1]). The RCPs have 
been selected from existing literature to span the full range of possible trajectories for future greenhouse 
gas (GHG) concentration, which include a very high emission scenario leading to 8.5 W/m2, a high 
stabilization scenario leading to 6 W/m2, an intermediate stabilization scenario leading to 4.5 W/m2, and a 
low mitigation scenario leading to 2.6 W/m2 (RCP 3-PD). In addition, we review a 3.7 W/m2 scenario for 
a total of five emission pathways (Akimoto et al. [2]). 
 
2.2. Model formulation for quantitative scenario evaluation 
The ALPS project performs comprehensive modeling assessment supplemented with the existing 
models developed by the Research Institute of Innovative Technology for the Earth (RITE). Scenarios 
associated with climate change need to be developed in the context of sustainable development with a 
wide-ranging set of models in order to reflect multifaceted reality. The DNE21+ Model assesses CO2 
emissions from fuel combustion with sharp details of national, sectoral, and technological descriptions. In 
addition to the food model, fresh water model, and land use model, a wide variety of plausible future 
scenarios and narratives are assessed in an integrated and consistent manner. The models are chosen 
appropriately in accordance with the time frame and objectives of the assessment. Integrated assessment 
for sustainable development and climate change measures require a long-term perspective as well as 
sector-, nation- and technology-wide analysis. For near- and medium-term analysis, detailed descriptions 
of the nation, sector, and technology are highlighted. For long-term analysis, interactions between climate 
impacts and socio-economic activities are weighted more heavily. Comprehensive scenarios are 
formulated through an appropriate combination of these models. 
2.3. Socio-economic scenarios 
CO2 emissions are closely related to the use of energy. Although it is important to decouple CO2 
emissions from economic growth, a significant positive relationship has been statistically demonstrated 
among CO2 emissions, population, and economic growth. Projections of population and economic growth 
form the basis for integrated scenario development of climate stabilization and sustainable development. 
This project aims to analyze various indices comprehensively and to develop future scenarios such as 
population and economic growth, and it considers the impact of the world financial crisis. Historically, 
when the gross domestic product (GDP) per capita is high, low population is expected owing to a low 
birth rate. In this study, two socio-economic scenarios have been created: Scenario A, a medium 
technological progress scenario, and Scenario B, a high technological progress scenario. In Scenario A, 
the world population is estimated to reach 9.1 billion in 2050 and 9.3 billion in 2100. In addition, average 
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GDP growth rates are 2.9% p.a. during the years 2010–30 and 2.2% p.a. during the years 2030–50. In 
Scenario B, the world population is estimated to reach 8.6 billion in 2050 and 7.4 billion in 2100, and 
average GDP growth rates are 3.2% p.a. during 2010–30 and 2.6% p.a. during 2030–50. Climate change 
impacts and implementation of mitigation measures can affect the GDP; however, its feedback to 
population is beyond the scope of this study. 
2.4. Assumption on payback periods 
Model scholars have estimated the existence potentials to reduce high emissions worldwide at low or 
even negative costs. However, challenges remain in achieving these potentials due to a variety of social 
barriers in adopting highly efficient technology. Because many factors affect payback periods when 
choosing technologies, we examine the manner in which a difference in payback periods for an 
investment decision affects reduction technology choice by comparing two scenarios. The A-I scenario, a 
medium technological progress and pluralistic society scenario, assumes realistic conditions that include 
diverse preferences on technology choices and indicates that cost-effective mitigation measures are not 
always considered when making an investment. In this scenario, we apply relatively short payback 
periods to simulate those observed under actual conditions. Conversely, the A-II scenario, a medium 
technological progress and climate policy prioritized scenario, describes a world in which climate change 
policy is prioritized, and the behavior of residents is rational in the sense that mitigation measures are 
taken in a cost-effective way. In this scenario, we apply relatively longer payback periods in which policy 
measures are implemented to remove social barriers to technology diffusion. This assumption has been 
commonly applied in most of the conventional assessment models of climate change control. 
3. Results 
3.1. Marginal abatement costs and mitigation potential (A-I scenario) 
Marginal CO2 abatement costs at various stabilization levels in Scenario A-I are shown in Figure 1. 
The marginal abatement costs for CP6.0, CP4.5, CP3.7, and CP3.0 are estimated to be 6, 27, 152, and 421 
US$ 2000/t CO2, respectively, in 2050 and 97, 176, 251, and 596 US$ 2000/t CO2, respectively, in 2100. 
Although a substantial cost reduction in renewable energy resources is considered, the marginal 
abatement can be quite high in CP3.0. It should be noted that this estimation is based on the assumption 
of uniform marginal abatement costs worldwide by which mitigation measures are implemented globally 
in the most cost-effective manner. Thus, actual expenses can be even greater. 
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Fig. 1. CO2 marginal abatement cost for each scenario of the Alternative Pathways toward Sustainable Development 
and Climate Stabilization (ALPS) core scenario A-I, which is a pluralistic society scenario under medium 
technological progress and medium economic growth assumptions 
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Note: Marginal abatement costs in the ALPS scenarios of up to 2050 and after 2050 were estimated by using 
DNE21+ and DNE21 models, respectively.  
Figure 2 shows technological contributions to halving global emissions by 2050 in a cost-effective 
manner in which the importance of deployment of a variety of technologies is illustrated. In the scenario 
of relatively lower marginal abatement costs, such as CP4.5, energy efficiency improvement and fuel 
switch in the power sector and afforestation could be cost-effective options. In CP3.7, CO2 capture and 
storage (CCS) is indicated as a cost-effective option, and the contribution of renewable energy is 
expanded in CP3.0. It is necessary to note that a variety of trade-offs and synergies exist among 
mitigation measures, as mentioned below. Therefore, special attention should be paid in the 
implementation phase. 
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Fig. 2. Emission reduction contribution by technology to achieve each reduction target as indicated by Scenario A-I, 
all CO2 emissions 
Notes: Values (%) indicate ratio of regional reduction in 2050 for each scenario to global reductions in the case of 
CP3.0. Reductions are from baseline. Relatively large reductions are assumed in the baseline in some sectors, such as 
transportation. 
3.2. Comparison of A-I and A-II scenarios 
  In this section, we explore the impact of removing social barriers to energy efficient technology 
adoption on technology choices by comparing results between A-I and A-II scenarios. Figure 3 shows the 
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composition of baseline electricity generation in the case of no-reduction targets. This figure indicates 
that more high-efficiency technologies in power generation will be introduced in the A-II scenario than 
those in the A-I scenario. Adopting a longer payback period leads to vigorous introduction of advanced 
technologies. For example, in 2050, more highly efficient coal-fired and photovoltaic (PV) power plants 
are introduced in the A-II scenario than those in the A-I scenario. Overcoming various social barriers in 
such a way that investment decisions with a long payback periods are made by companies and individuals 
will play an important role in energy saving and climate change control. 
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Fig. 3. Baseline global electricity generation without reduction targets 
3.3. Sustainable development index 
  In this section, we discuss part of the sustainable development index related to water access and food 
access. 
 
Index related to water 
Water is essential for every aspect of human life. Global warming affects the world’s rainfall patterns, 
bringing more precipitation in general. We estimated the water-stressed population on the basis of water 
demand for agriculture, industry, and households; annual water availability for river basins was estimated 
on the basis of annual runoff (Figure 4). The size of the water-stressed population is significantly affected 
by population changes and is expected to increase, particularly in India and in the Middle East, until 2050 
in all scenarios. We developed a grid-based water supply–demand model to consider changes in the 
regional patterns of distribution (Hayashi et al. [3]). The evaluation timescale is on an annual basis; 
therefore, changes in precipitation patterns such as frequencies of floods and droughts within a year are 
not considered. Even with this limitation, the results suggest that climate change mitigation may not aid 
water-stressed populations; rather, the situation can be worsened due to less precipitation. Water-stressed 
populations are affected more by socio-economic trends such as population and economy than by 
reductions in level of emissions. 
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Fig. 4. Index of water access assuming a population under water stress (water withdrawals per availability 0.4) 
Index related to food access 
We estimated amounts of food consumption per GDP as a food-access indicator to assess the risk of 
hunger for each scenario. This estimation reflects a trend such that hunger tends to be induced when food 
prices are high for low-income consumers. Figure 5 shows food-access indices by region, time point, and 
scenario. An income rise is expected to significantly improve food access in all regions. However, the 
index for Sub-Saharan Africa is expected to remain high in 2050. The impacts of climate change on food 
access are relatively small. Rather, stringent climate targets can slightly worsen the food index because 
land use changes incurred by bioenergy production and afforestations, which are relatively cost-
competitive mitigation options under the stringent target, increase food prices. Climate change mitigation 
measures must be implemented not only from the perspective of cost efficiency but also from the 
perspective of balance among other global challenges, such as food access, in a sustainable fashion. 
Addressing climate change in a balanced manner can lead to higher mitigation costs than those estimated 
by focusing only on climate change, which implies that actual abatement costs can far exceed the costs 
estimated by traditional approaches with climate change as the only scope. In such a sense, it may be 
necessary to re-examine a gentler target than that of 2 °C (CP3.0 Scenario). 
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Fig. 5. Food access indices showing amounts of food consumption per gross domestic product (GDP) 
4. Policy implication 
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 Economic growth does not disturb sustainable development. Rather, economic growth is 
indispensable for sustainable development and does not contradict sustainable development. Historically, 
high economic growth entailed high CO2 emissions, and this trend can continue with high probability in 
the future. On the contrary, under the stringent CO2 emission reduction targets of 2–2.5 °C above pre-
industrial levels, higher economic growth consequently leads to cheaper mitigation solutions because a 
relatively smaller population, which involves smaller food demand, affords room for afforestations 
because higher technological progress is expected, and higher electrification rates make it significantly 
easier to reduce CO2 emissions. In reality, climate change is not always given high priority. Under such 
circumstances, it is important to harmonize climate measures with other policies and measures such as 
energy efficiency at all stages of the energy chain, black carbon emission control measures that have 
substantial co-benefits for air quality and public health, and adaptation. Such measures are closely linked 
with development needs. 
The target of limiting global warming to a maximum of 2 °C above pre-industrial levels (CP3.0) can 
adversely affect other sustainable goals such as food access. In contrast, the marginal abetment cost of the 
CP3.7 target, 2.3 °C in 2100 and 2.5 °C in 2150 above pre-industrial levels, would be approximately 
US$ 150/t CO2, in 2050. This expense can be reduced to US $80/t CO2 with the removal of barriers to 
energy efficiency in a bottom-up manner, such as that dictated by efficiency standards. Such measures can 
curb adverse effects on the economy as well as global warming. In this regard, however, promotion of 
innovative technological development is instrumental because significant diffusion of CCS and other 
innovative technology is a prerequisite for mitigation.  
The level of energy efficiency of each sector differs significantly among countries, and a wide range 
of barriers to technology diffusion exists in every sector in every country. Pursuit of a shorter-term return 
accelerates the tendency to choose inexpensive technology options that are not energy-efficient. To build 
an enabling environment in which investment decisions are based on long-term perspectives would be a 
key for improving energy efficiency throughout the entire economy.  
This study gives sufficient consideration to regional and sectoral differences and considers as many 
factors as possible. Further insight could be gained if distribution within countries or regions is 
considered because issues such as redistribution could be critical for sustainable development and the 
enhancement of society well-being in the future. Our analysis was essentially conducted on an annual 
basis. Daily-basis analysis includes the frequency of abrupt events not reflected in annual assessment. 
Therefore, these points should be considered in the interpretation of our analysis results. 
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